influence of process parameters on springback of S-shaped Uchannel stamping for DP590. The test was designed using Taguchi test and results were analyzed according to analysis of variance (ANOVA). The process parameters analysed includes punch velocity, blank holder force, friction coefficient and blank thickness. The most influential parameter is blank holder force in this analysis, followed by friction coefficient and punch velocity. And blank thickness shows the least effect. The effect of these parameters can be quantified using this analysis method. The influence of friction coeffient, blank holder force, punch velocity and blank thickness were 56.21%, 33.06%, 7.98% and 2.75% respectively. The results can be used to get a deep understanding on the springback of DP590.
I. INTRODUCTION
The research on springback of high stregth steel has gained a lot of attention in recent years. Chongthairungruang et al. [1] conducted the springback tests in consideration of pre-strain. The simulation was also employed to analyze the springback of high strength steel in terms of different material models. Marretta et al. [2] used a design tool to stamp the high stess steel into s shape. The relationship between thinning and springback was analyzed. The variables, such as blank holder force and friction coefficient were condisered. Ma et al. [3] used design of test, finite element analysis and experiment validation to analyze the relationship between thinning and springback for an autobody panel made of aluninum alloy. The experiment was also conducted and a compromised result was got. In reference [4] the springback of TRIP steels was analyzed. The thickness of blank and other process parameters were under consideration. The change of Young's modulus affected the springback significantly. With the increase of prestrain value, the Young's modulus decreases. Wang et al. [5] studied the springback using a press brake bending. A lot of experiements were conducted and a proper way was studied to get a relatively accurate geometric shape. And the springback model was introduced. In this paper, the effect of process parameters on springback of high stregth steel DP590 was analyzed. And the desigh of test and statistical analysis were employed to get the specific influence contribution of each parameter.
II. DESIGN OF TEST
Many parameters can affect the springback of stamping process. In order to get a deep understanding on the relationship between process parameters and springback value, the Taguchi test design was employed. There are four process parameters, namely punch velocity, blank holder force, friction coefficient and blank thickness. The target value is the sprinback value after stamping process. The material used in the test is DP590 produced by Shougang Group. Hige level, middle level and low level were chosen for each parameter. The specific value for each value is shown in Table 1 . The level 1, 2 and 3 in this table were not all in an ascending or descendant trend to avoid the artificial system error. So these three values for the level 1, 2 and 3 are given by random. 
III. FINITE ELEMENT MODEL
The finite element model used is a traditional S-shaped Uchannel stamping model, including punch, die, blank holder and blank, which is shown in Fig. 1 . The forming process has three steps, i.e. holding, stamping and springback. After the springback the springbak value can be measured and recorded in the Table for 
IV. RESULTS AND DISSCUSION

A. Stamping Process and Springback
The stress distribution of part affects the springback markedly. After the stamping process, the punch and die would be removed and then the stress would be released. Then the initial, middle and final stress distributions were captured. After the holding stage, the stress of the blank is low. In the middle of the stamping process, the stress concentrated in the corner. The concentrated stress is large and reached a high value of about 870.3 MPa. At the end of the stamping process, the concentrated stress located in corner of the wall is about 974.8 MPa. And the stress of flange is low. The stress value of flange is about 100 MPa. So it can be indicated that after the stamping process the released stress value would be very high, which leads to a high springback value. After the springback, the stress is released, and the max major stress is about 728.3 MPa. The major stress distributions in the middle of the stamping, at the end of stamping and after springback are given in Fig. 2 . And the maximum springback is at the end of the flange near the maximum stress. The springback distribution is given in Fig. 3 . 
B. Mathematical Statistics Analysis
Traditionally the results were analyzed and transferred to increase the robustness. The sound against noise (S/N) ratio can be got in two parts. The S/N ration is obtained from the Mean Square Deviation (MSD).
Because the springback value is the lower the better, so the corresponding transfer equation is chosen [12]:
The overall mean S/N ratio for these nine values is obtained:
The sum of squares can be calculated using the following equation:
The summation can be got as the equation shown below
The effect percentage contribution can be achieved:
After the calculation and data transformation using the equations shown above, the results can be got and given in the following Table 5 . The influence contributions of punch velocity, BHF, friction coefficient and blank thickness on springback are shown in the above table. It can be seen that the influence contribution percentage of friction coefficient is 56.21%, and the contribution percentage of BHF is about 33.06%. The other two parameters, punch velocity and blank thickness are 7.98% and 2.75% respectively. The results are only for this test in terms of these four parmeters with the specific ranges.
V. CONCLUSION
The influence of stamping process parameters on springback was analyzed using finite element method. And the results were analyzed using statistic method. The friction coefficient significantly affected the springback. The influence percent of friction coefficient is 56.21%. The influence percentages of other process parameters of BHF, punch velocity and blank thickness are 33.06%, 7.98% and 2.75% respectively.
